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.1. A method for fabricating multilevel metal 
interconnections having low dielectric constant 
insulators on a substrate cdbprising the steps of: 
providing a semiconductor substrate having 
5 semiconductor devices in amd on said substrate; 

depositing a first infeulating layer over said 
devices, and further having contact openings in said 
first insulating layer fc/r electrical contacts to 
said devices ; 

10 forming a metal barrier layer on said insulating 

layer and in said contafct openings; 

depositing a firsjt conductive layer for contacting 
said contact openings , 

patterning said /first conductive layer and said 
15 metal barrier layer to form first metal lines as 
interconnections for said devices; 

coating a layejr of low dielectric constant 
insulating material on and in between said patterned 
interconnect meta^/ lines; 
20 curing the ]Jbw dielectric constant material; 

depositing thin layer of an adhesion promoter and 
stabilizing material on the low dielectric constant 
material ; 
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depositing a silicon oxide cap layer on the 
adhesion promoter and over the ^ow dielectric constant 
material ; 

planarizing the oxide surface with chemical 
5 mechanical polish (CMP) ; 

defining via openings afnd etching to open 
electrical contacts to the ^Underlying interconnect 
metal ; 

depositing conductive metal over the via openings; 
10 removing the excess/said conductive metal by CMP; 

patterning of said /conductive layer to form the 
next level of metal interconnections. 

The method of claim 1, wherein said low 
15 dielectrifi\£:onstant material is SOD, spun on 

dielectric, espfeqially jffrganic compounds and is coated 
by a spin-on coater T^sLa tftickness of about 4,000 to 
12,000 Angstroms, hiring/ sN^electric constant of less 
than 2.8 with curing conditions a^400°C for 1 hr., 
20 nitrogen ambient gfas /flow^^&MBf^bout 3X^p 30 SLM, 
oxygen less than rOppm. 



3. The method of claim 1, wherein said layer of 
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idhesion promoter and stabilizer is a non-oxide 

sound, e.g., silicon nitride deposited by PECVD, 
plasn\ enhanced chemical vapor deposition in the 
thickne^ range from about 200 to 500 Angstroms. 

4. The Itethod of claim 1, wherein said layer of 
cap oxide or oxMe cap is silicon oxide deposited by 
PECVD, plasma enhanced chemical vapor deposition in the 
thickness range from Sdpout 4,000 to 16,000 Angstroms, 
having a dielectric con^fcafnt ofXabout 4.0 



The method ojE claim wherein multilevel 

on the planar surface 
id proa&s§ step^ 



metal processing ca 
by repeating the s 



v 6. A method ISoa^f abricatina multilevel metal 
interconnections having low dielectric constant 
insulators on a substrate comprising the stepsL of : 

providing a semiconductor substrate having* 
semiconductor devices in and on said substrate; 

depositing a first insulating layer over saii 
devices, and further having contact openings in sad 
first insulating layer for electrical contacts to 
said devices; 
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forming a metal barrier layer on said insulating 
l3^er and in said contact openings; 

\depositing a first conductive layer for contacting 
said c\itact openings and forming a metal stack on the 
interlevlt dielectric layer (ILD) ; 

deposiN^ng hard mask layer of silicon nitride and 
then silicon d^ide on top of metal layer, with silicon 
oxynitride DARcXdielect^Tfey anti -reflective coating on 
top of metal stack\ / \ 

patterning saioVetal sta^k consisting of hard 
mask layer and metal stskikJlayer with said metal 
barrier layer to form firart metal lines as 
interconnections /for saifll devices ; 

coating a ljaver of / Ipw dielectric constant 
insulating material onf and in between/said patterned 
interconnect meM yTnes; — \ 

curing the low dielectric cons tarrk material ; 

chemical mechanical polishing (CMP)\back and 
planarizing the surface of said low dielectric constant 
material with hard mask on top of metal stack\ 

stopping the CMP polishing on the hard mask layer; 

coating the surface with a second layer of JBtow 
dielectric material; \ 
curing the low dielectric constant material; \ 
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depositing a second hard mask layer of silicon 
Stride and then silicon oxide over the second low 
dielectric constant layer; 

afining via openings and etching for vias to open 
vias to \ie underlying interconnect metal ; 

depositing conductive metal and forming metal 
contacts by crtemical mechanical polishings (CMP) the 
excess metal, sapping on the polishing on the hard 
mask layer, thus f8«rmi/g l\>w, dielectric constant, low 
10 capacitance structure 
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7 . The method] 
hard mask layer is 
silicon oxide is de 
chemical vapor depos 



of cla&r^ 6, wherein said first 
omposedf^f silicon nitride and 
osited/ibY ^SECVD , plasma enhanced 

about 200 



to 500 Angstroms of silicon 

thickness of about 1,000 to 2,000 Ang\troms of silicon 
oxide . 



20 8. The method of claim 6, wherein said\£irst low 

dielectric constant material is SOD, spun on 
dielectric, especially low dielectric organic 
compounds, and is coated by a spin-on coater to a 
thickness of about 4,000 to 12,000 Angstroms, having^ 
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dielectric constant of less than 2.8, with curing 
.conditions of 400°C, 1 hr., N 2 gas flow 1 to 30 SLM, 0 2 
than 10 ppm. 



10 



g\ The method of claim 6, wherein said chemical 
mechanica^polishing (CMP) conditions are: polishing 
rate 1,000 to\2,500 A/min, platen speed of 20 to 80 
rpm, carry speedtaf 20 to 80 rpm, downward force 2 to 8 
psi, backside pressfcup fAomJl to 7 psi, polishing back 
and stopping on thef fiastll/ard mask 
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10. The method offclaiX 6 / wherein said second 
low dielectric ^onsta/ig: materiS^. is SOD, spun on 
dielectric, low 

especially, and coated by^ ^spi n - or ^e^a te r to a 
thickness of about 4,000 to 12,000 Angstt^oms, having a 
dielectric constant of about of less than 2\8 , with 
curing conditions of 400°C, 1 hr., N 2 gas flow\ to 30 
SLM, 0 2 less than 10 ppm. ~ 

11. The method of claim 6, wherein said second^ 
hard mask layer is composed of silicon nitride and 
silicon oxide is deposited by PECVD, plasma enhanced 
chemical vapor deposition to a thickness of about 200 
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to 500 Angstroms of silicon nitride and to a thickness 
of about 1,000 to 2,000 Angstroms of silicon oxide. 
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12. The method of claim 6, wherein said hard 
ma^k layers, both first and second hard mask layers can 
be composed of silicon nitride and silicon oxide, or 
solely silicon nitride, or solely silicon oxide. 

13. The\pethod of claim 6, wherein said chemical 
mechanical polishing (C^IP) Conditions are: polishing 
rate 1,000 to 2,50^A/min, platen speed of 20 to 80 
rpm, carry speed of 20Wto|8O rpm, downward force 2 to 8 
psi, backside pressure ^fcm 1 to 7 psi, polishing back 
and stopping on the! secofjd ^ard mask, 



14. The method of cy.aim 6,\whe: 



multilevel 



metal processing can be per!?©^Hf£3 ol^ the planar surface 
by repeating the said process steps, 



20 \L5. A method for fabricating multile , ^l metal 

interconnections having low dielectric consl 
insulators on a substrate comprising the steps 

providing a semiconductor substrate having 
semiconductor devices in and on said substrate; 
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depositing a first insulating layer over said 
\ devices, and further having contact openings in said 
\first insulating layer for electrical contacts to 

s^.d devices; 

\forming a metal barrier Layer on said insulating 
layer ajid in said contact openings; 

dep^iting a first conductive layer for contacting 
said con tac\ openings and forming a metal stack with a 
silicon oxynit^Lde DAR£^-\di electric anti -reflective 
coating, on top off meftal, ©n the interlevel dielectric 
layer (ILD) ; \ * 

depositing hazp mksk layer of silicon nitride and 
then silicon oxide Ion to\lof metal layer; 

patterning said metal\tack consisting of hard 
mask layer and metpl staoAla^er with/Said metal 
barrier layer to ftorm f i&st meraiTlines as 
interconnections fa^cssxd devices ;\ 

coating a layer of low dielectra^c constant 
insulating material on and in between s%±d patterned 
interconnect metal lines; \ 

curing the low dielectric constant material ; 
chemical mechanical polishing (CMP) back a^d 
planarizing the surface of said low dielectric corastant 
material with hard mask on top of metal stack; \ 
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stopping the CMP polishing on the hard mask layer; 
depositing a layer of adhesion promoter over the 
mask and low dielectric constant layer; 
depositing a silicon oxide cap layer on the 
adhesion promoter layer 

fining via openings and etching to open 
electrica\ contacts to the underlying interconnect 



metal ; 

depositiri^ 
10 removing 

patterning 
next level of 



conducti^ metal over the via openings; 

[id conductive metal by CMP; 
of \£id conductive layer to form the 
[•connections . 
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16. The met] 
hard mask layer ij 
silicon oxide is 



Jod ofl cl\im 15, wherein said 

silic^F^ nitride and 
iepofsited^Dy pECVD , plasma enhanced 



chemical vapor deposition, to a thickness of about 200 
to 500 Angstroms of silicon nitrideland to a thickness 
of about 1,000 to 2,000 Angstroms of s^.icon oxide. 

17. The method of claim 15, wherein SeRLd hard 
mask layer can be composed of silicon nitride 
silicon oxide, or solely silicon nitride, or solely 
silicon oxide. 
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18, The method of claim 15, wherein said low 
dielectric constant material is low dielectric constant 
L SOD, spun on dielectric, low dielectric organic 

npounds especially, and coated by n spin-on coater to 
a tf^ckness of about 4,000 to 12,000 Angstroms, having 

actric constant of about of less than 2.8, with 
curing conditions of 400°C, 1 hr., N 2 gas flow 1 to 30 
SLM, 0 2 lesVthan 10 



10 19. The r 

mechanical polishi 
rate 1,000 to 2,50 
rpm, carry speed o, 
psi, backside presj 

15 and stopping on th 1 



15, wherein said chemical 
(CMP) conditions are: polishing 
1 a ten sraed of 20 to 80 
20 ftp ^0 rpm, downward force 2 to 8 
;ure trojj l to / psi , ^polishing back 
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20. The method TSf claim 15, Vn^rein said layer of 
adhesion promoter and stabilizer is silicon nitride 
deposited by PECVD, plasma enhanced chemical vapor 
deposition in the thickness range f jom aboifc^ 200 to 
500 Angstroms, which is deposited cn hard 
material . 
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21. The method of claim 15, wherein said layer of 
cap oxi^g is silicon oxide deposited by PECVD, plasma 



ition, :.n the thickness 
000 Anr itroms, having a 
t 4.0, which is deposited on 




enhanced 
range from 
dielectric constant 
the adhesion promo t 



22. The method oi/ claim 15, whGreTfcwmultilevel 
metal processing can be performed on the plansta^surf ace 
10 repeating the said process steps. 
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